Of concern in this paper is an investigation of peristaltic transport of a physiological fluid in an asymmetric channel under long wave length and low-Reynolds number assump- 
Introduction:
Peristaltic transport of a physiological fluid is induced by a propagation of progressive waves of contraction or expansion along the length of a distensible tube containing fluid. Peristaltic mechanism encounters in urine transport from kidney to the bladder, the movement of chyme in the gastrointestinal tract, fluids in the lymphatic vessels, bile from the gallbladder into the duodenum, the movement of spermatozoa in the ductus efferent of the male reproductive tract, the movement of the ovum in the fallopian tube and the circulation of blood in small blood vessels. This mechanism also finds many applications in roller and finger pumps, some biomechanical instruments, e.g. heart-lung machine, blood pump machine and dialysis machine.
Thus, peristaltic transport has been the recent studies of many researchers/scientists owing to the above mentioned applications in bio-mechanical engineering and bio-medical technology.
Latham [1] first attempted the study of the mechanism of peristaltic transport and later on several theoretical and experimental studies [2] [3] [4] [5] [6] [7] [8] [9] [10] have been made by others to understand the clear idea of peristaltic action in different situations. Srivastava and Srivastava [11] [12] analyzed the mechanism of peristaltic pumping of a particle fluid suspension in a planar channel. The peristaltic transport of a Power-law fluid in the male reproductive tract was investigated by Srivastava and Srivastava [13] . Usha and Rao [14] carried out the study of peristaltic pumping of two-layered Power-law fluids in a cylindrical tube. Lee and Fung [15] studied theoretically the peristaltic transport phenomena in blood flow, while Carew and Pedley [16] put forwarded a mathematical analysis for the study of peristaltic pumping in the ureter. In all the above mentioned studies the peristaltic flows are conducted in symmetric or axisymmetric channel or tube. Taylor [17] conducted a theoretical study on asymmetric wave propagation with an aim to explain the mechanical interaction between neighboring spermatozoa. Mishra and Rao [18, 19] made an investigation on peristaltic flow of a Newtonian fluid in an asymmetric channel. Reddy et al. [20] considered the flow of a Power-law fluid in an asymmetric channel caused by the movement of peristaltic wave with the same speed but with different amplitudes and phases on the flexible channel. Eytan and Elad [21] have developed a mathematical model of wall-induced peristaltic fluid flow in a channel with wave trains having phase difference on the upper and lower walls. Most of these investigations on peristaltic flow dealt with a Newtonian or non-Newtonian fluid. However, it is observed that the complex rheology of biological fluids behave as a suspensions of deformable or rigid particle in a Newtonian fluid. For example, blood is a suspension of various cells in plasma and cervical mucus is a suspension of macromolecules in a water-like liquid.
Eringen [22] initiated the concept of micropolar fluids to characterize the suspensions of neutrally buoyant rigid particles in a viscous fluid. The micropolar fluids exhibit microrotational and microintertial effects and support body couple and couple stresses. It may be noted that micropolar fluids take care of the microrotation of fluid particles by means of an independent kinematic vector called microrotation vector. In view of this, several investigators [23] [24] [25] [26] [27] [28] carried out the study of the peristaltic motion of micropolar fluid under different situations. Ali and Hayat [29] investigated the study of peristaltic motion of an incompressible micropolar fluid in an asymmetric channel. Hayat and Ali [30] studied the effect of an endoscope on peristaltic flow of a micropolar fluid through a coaxial uniform tube, wherein they used long wave length approximation.
Recently, the study of magneto-hydrodynamic (MHD) flow of electrically conducting fluids on peristaltic motion have become a subject of growing interest for researchers and clinicians. This is due to the fact that such studies are useful particularly for pumping of blood and magnetic resonance imaging (MRI). Theoretical work of Agarwal and Anwaruddin [31] explored the effect of magnetic field on the flow of blood in atherosclerotic vessels of blood pump during cardiac operations. Li et al. [32] observed that an impulsive magnetic field can be used for a therapeutic treatment of patients who have stone fragments in their urinary tract. Makheimer and Al-Arabi [33] studied non-linear peristaltic transport of physiological fluids through a medium under the influence of a magnetic field. Misra et al. [34] dealt with a theoretical investigation of the peristaltic transport of a physiological fluid in a porous asymmetric channel under the action of a magnetic field. Elshahed and Harun [35] made an observation on the peristaltic transport of Vishnyakov and Pavlov [36] who first considered the effect of induced magnetic field on peristaltic flow of an electrically conducting Newtonian fluid. Lately, Makheimer [37, 38] carried out the study of peristaltic transport of an incompressible conducting micro-polar fluid in a symmetric channel and another for a couple stress fluid by considering the effect of induced magnetic field. In view of all the aforesaid observations, the present analytical study has been designed in such a manner that it can explore variety of information to study the effect of induced magnetic field on peristaltic flow of a micro-polar fluid in an asymmetric channel. The peristaltic wave train on the channel wall has been considered to have different amplitudes and phase difference. Thus, the results presented here will find an important clinical applications such as in magnetic resonance imaging (MRI) as well as in the gastrointestinal tract and small blood vessels.
Mathematical Formulation:
Let us consider the unsteady flow of a viscous, incompressible and electrically conducting micropolar fluid through an asymmetric channel of uniform thickness under the action of a magnetic
be respectively the upper and lower walls of the channel. The medium is considered to be induced by a sinusoidal wave train propagating with a wave speed c along the channel wall (cf. Fig. 1 ), such that
where a 1 and a 2 are the amplitudes of waves, λ is the wave length, φ (0 ≤ φ ≤ π) the phase difference, X ′ and Y ′ are the rectangular co-ordinates with X ′ measured the axis of the channel and Y ′ the traverse axis perpendicular to X ′ .
The system is stressed by an external transverse uniform constant magnetic field of strength H ′ 0 , which will give rise to an induced magnetic field
and therefore the total magnetic field will be
The equations of motion for unsteady flow of an incompressible magneto-micro-polar fluid by neglecting the body couples are,
where,
and v ′ is the velocity vector, ω ′ is the microrotation vector, p ′ is the fluid pressure, ρ the fluid density, J the micro-gyration parameter, σ the electrical conductivity, J ′ is the electrical current density, µ e is the magnetic permeability, E ′ is an induced electrical field. Also the material constants (or viscosity coefficients of the micro-polar fluid ) µ, k, α, β, and γ are satisfies the following inequalities
Along with the Maxwell's equations,
and with Ohm's law:
in addition, it should be noted that
Now, combining equations (6) - (8) we get the induction equation,
Let us consider a wave frame (x ′ , y ′ ) moving with the velocity c away from fixed frame (
have the transformations
where (U ′ , V ′ ) and (u ′ , v ′ ) are the component of velocity in the fixed frame and wave frame of reference respectively. Now, we introduce the dimensionless variables as follows:
where ψ and φ represent the stream function and magnetic force function respectively.
Use of (11) in the equations (4)- (9) yields the MHD flow for the micropolar fluid in terms of the stream function ψ(x, y) and magnetic force function φ(x, y) are
with
We define the following dimensionless parameters that appear in (12) - (16) 
is the micropolar or microrotation parameter.
The total pressure in the fluid, which is equal to the sum of the ordinary and magnetic pressure
given by,
) is defined as the electrical field strength.
By eliminating the pressure term between (12) and (13) we obtain,
with an aim to test the validity of our present analysis, we made an assumption that when k −→ 0, the equations (4) and (5) reduces to the classical MHD Navier-stokes equations.
The volumetric flow rate in the fixed frame is given by
where h The rate of volume flow in the wave frame is found to be given by,
where h The dimensionless form of the peristaltic channel walls are
where, a =
Putting (10) into the equations (18) and (19) , the relation between Q and q can be obtained as
The time mean flow over a period T at a fixed position X ′ is defined as
Using (21) in (22) the flow rate Q ′ has the form,
The non-dimensional form of (23) is given by
where θ =
In which,
The boundary conditions for the dimensionless stream function ψ(x, y) and magnetic force function φ(x, y) in the wave frame is considered as
and φ = ∂φ ∂y = 0 on y = h 1 and y = h 2
Under the assumption of long wave length and low Reynolds number, the dimensionless equations (17), (14) and (15) becomes
By operating ∂ 2 ∂y 2 and ∂ ∂y on both sides of (28) and (29) (27) we obtain as
Again, substituting the value of (28) and (29) after differentiating with respect to y, in (27) the expression for stream function may be written as
where
is the Hartmann number (> √ 2) and C 1 and C 2 are two integrating constants.
Then the general solution of (30) takes the form,
together with four integrating constants A, B, C and D.
Using the expression for ω from (32) and (31), the general solution for ψ is given by
Applying the boundary conditions given in the equation (26) into the equations (32) and (33), the values of all the constants have been determined and are presented in the appendix.
Thus, the expressions for the axial velocity u and stream function ψ are obtained as
and
Substituting the value of ψ obtained from (35) in (29) and integrating we get the magnetic force function φ as,
where the constants C 3 and C 4 are obtained so far using the boundary conditions (26) are also included in the appendix.
The axial-induced magnetic field is given by,
and the current density distribution across the channel has the form,
The electric field strength E is determined by integrating (29) and taking the boundary conditions on φ and ψ across the wall surface we get the dimensionless form as
In order to obtain the pumping characteristics by means of pressure rise per wavelength the axial pressure gradient can be determined from the equation
which imply,
The non-dimensional expression of pressure rise per wave length △P is given by,
It is interesting to note that the stress tensor in micropolar fluid is not symmetric. Therefore, the dimensionless form of the shear stress involved in the present problem under consideration are given by
The numerical computations for the shear stresses τ xy and τ yx are obtained at both the upper and lower walls of the channel and whose graphical representation is presented in the next section.
Computational Results and Discussion:
In , π and a low magnetic Reynolds number R m = 1.0 (cf. Fig. 1 ). Trapping Phenomena: Shapiro et al [39] held that at high flow rates and large occlusions there is a region of closed streamlines in the wave frame and thus some fluid is found trapped within a wave propagation. The trapped fluid mass was found to move with a same speed equal 
Conclusions:
In this paper, we have theoretically studied the effects of induced magnetic field on peristaltic transport of physiological fluid represented by micropolar fluid model in an asymmetric channel.
In this investigation, special emphasis has been paid to study the flow features, the pumping characteristic, the trapping phenomena and the axial induced magnetic force function. From the presented analysis, one can make an important conclusion that it is possible to increase pumping as often as necessary the pressure gradient by applying an external magnetic field and that the bolus formation can be eliminated by suitably adjusting the magnetic field intensity. For an asymmetric channel i.e., due to the phase differences at the channel walls, the flow can easily pass with imposing large amount of pressure gradient. There is a linear relationship between pressure rise per wavelength and volumetric flow rate. In the entire co-pumping region, the pressure rise and the volumetric flow rate both increases with the increase of phase difference.
The wall shear stress τ xy and τ yx both increases with the increase of Hartmann number H at the upper wall, whereas at the lower wall it decreases. The trapped bolus can be eliminated by the application of an external magnetic field. It may interesting to note that the trapped bolus can also be eliminated due to the phase difference (channel asymmetry) at the walls. When the coupling parameter increases, the trapped bolus appears at the central region of the channel. 5 Appendix:
The expressions that appear in section 2 are listed as follows: 
